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(100 Word Abs t rac t )  
1 3 1 3 6  

yhc &-bi t ing  Astronomical Observatory is a p r e c i s e l y  s t a b i l i z e d  

: . ~ ~ i o n a l  Aeronautics and Space Adminis t ra t ion s a t e l l i t e  which i s  

~ ' . p t t r l c  of being pointed t o  an  accuracy of seconds of i?rc and designed 

f o r  a u s e f u l  o rb i t i ng  l i f e t i m e  i n  excess  of one year .  

Equipment to  be loca ted  a t  NASA mini t rack  s t a t i o n r i s  designed t o  

t ransmit  operat ing commands which have been simulated on ir l a r g e  

scale d i g i t a l  computer and t o  provide an  a u x i l i a r y  rea l  time c o n t r o l  

mode. 

conmands to  be t ransmi t ted  by the  remote c o n t r o l  opera tor .  A central 

con t ro l  s t a t i o n  t o  be loca ted  a t  Goddard Space F l i g h t  Center provides  

"quick look" c a p a b i l i t y  f o r  eva lua t ing  spacec ra f t  s t a t u s  by means of a 

novel " c r e d i t  card' '  type system. 

proposed design and the  unique f e a t u r e s  are app l i cab le  not  o n l y  t o  

c o n t r o l  of the  Orbi t ing  Astronomical Observatory, but t o  o t h e r  c o n t r o l l e d  

s a t e l l i t e s .  

Ground Operating 

Su i t ab le  safeguards are incorporated t o  prevent  i r r e v e r s i b l e  

The o p e r a t i o n a l  philosophy of t h e  



GROUND OPERATING EOUIPMENT FOR THE ORBITING ASTRONOMICAL OBSERVATORY 
(500 Word Abstract) 

The Orbi t ing  Astronomical Observatory is a s c i e n t i f i c  s a t e l l i t e  

funded by the  Nat ional  Aeronaut ics  and Space Adminis t ra t ion  t o  provide 

a p r e c i s e l y  s t a b i l i z e d  o r i e n t a b l e  veh ic l e .  

made a v a i l a b l e  t o  make those s c i e n t i f i c  measurements r equ i r ing  c o n t r o l  

and equipment o r i e n t a t i o n  t o  the p rec i s ion  implied by a s y s t e n  s t a b i l i z e d  

to seconds of arc. The information te lemetered t o  and from the s a t e l l i t e  

i s  of two gene ra l  types - the  spacec ra f t  da t a  and the  exper imenter ' s  

da t a .  Tne Ground Operating Equipment (GOE) descr ibed  i s  designed t o  

r ece ive ,  record and d i s p l a y  information concerning t h e  s p a c e c r a f t  and 

experiments s t a t u s  and t o  provide c o n t r o l s  t o  send commands t o  the 

spacec ra f t .  The a c t u a l  experimenter ' s  information w i l l  be decoded 

and displayed on o t h e r  equipment. 

The s p a c e c r a f t  w i l l  be 

I n  o rde r  t o  e f f i c i e n t l y  con t ro l  the  Orbi t ing  Astronomical Observatory, 

two types of Ground Operating Equipment are provided. 

s t a t i o n ,  l i nked  t o  the  Blossom Point  remote s t a t i o n  by microwave 

s t a t i o n ,  provides  "quick-look" cap-abi l i ty  t o  examining s t a t u s  da t a  and 

The c e n t r a l  c o n t r o l  

w i l l  be loca ted  a t  t he  Goddard Space F l i  h t  Center  (GSFC) i n  Greenbel t ,  6- 
Maryland. 

Sant iago,  C h i l i  - and Blossom Point ,  Maryland. The system concept i s  

shown i n  the  block diagram of Figure 1. Common t o  each of these  types 

of  s t a t i o n s  is a d i g i t a l  computer which i s  used t o  process  the d a t a  

from the s a t e l l i t e  and t o  conver t  it i n t o  s i g n a l s  which can  be displayed 

AS a c t u a l  analog and d i g i t a l  s t a t u s ,  toge ther  w i t h  an i n d i c a t i o n  of tl-.c 

d e v i a t i o n  of the  a c t u a l  s t a t u s  from the  p red ic t ed  s t a t u s .  

The remote c o n t r o l  s t a t i o n s  & b e  l o c a t e d  a t  Quito,  Ecuador - 
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The p red ic t ed  s t a t u s  i s  generated by a second d i g i t a l  computer 

( I B M  7090) eimulation of the a~tellLta'e aparating c h a r n c t c r i s t i c s .  

This computer i s  not  t he  computer t h a t  i s  p a r t  of t he  Ground Operating 

Equipment. Tolerance l i m i t s  are s e t  on each of the i tems t o  be d i s -  

played upon the  opera t ing  console  of t he  c e n t r a l  c o n t r o l  s t a t i o n  and 

warning l i g h t s  are used t o  i n d i c a t e  t o  the ope ra to r  t h a t  c e r t a i n  s t a t u s  

i t e m s  are o u t - o f  t o l e rance ,  These s t a t u s  i tems  are presented  toge ther  

w i t h  t h e i r  t o l e rance  l i g h t s  i n  a l i b r a r y  o r  index on the  t u r r e t s  of 

t he  opera t ing  console .  

ca rd  w i t h  s u i t a b l e  coding i s  f i l e d  so t h a t  i n  the  event  of an i t e m  of 

s t a t u s  showing ou t  of to le rance ,  the a s soc ia t ed  ca rd  can be removed 

and i n s e r t e d  i n  a d i s p l a y  panel  which w i l l  c a l l  f o r t h  from the  computer 

and d i s p l a y  the  a c t u a l  v a l u e f o f  the s t a t u s  i tem and i t s  dev ia t ion  from 

zhe p red ic t ed  va lue .  

I n  a f i l e  s l o t  oppos i te  each l i g h t ,  an index 

The remote c o n t r o l  s t a t i o n  d i sp lays  are cons iderably  s impler ,  s i x e  

the  d i agnos t i c  d i s p l a y s  of t h e  c e n t r a l  s t a t i o n  are e l imina ted .  The 

fundamental design philosophy of the remote c o n t r o l  s t a t i o n  i s  t o  progi i :  

t o  t he  ope ra to r  on ly  t h a t  d a t a  and those c o n t r o l s  which he needs t o  

accomplish the c o n t r o l  of the sa te l l i t e .  The premise on which the 

Ground Operating Equipment i s  designed i s  t h a t  normal ope ra t ion  permi ts  

no commands t o  the  sa te l l i t e  un le s s  these  commands have been p rev ious ly  

programmed on a s imula tor .  The s imulat ion i s  t o  e s t a b l i s h  t h a t  none 

of t hese  commands w i l l  d r i v e  the  s a t e l l i t e  i n t o  a phys ica l  p o s i t i o n  w k l ~ i - ~  

i s  such as t o  cause sun damage t o  the te lescope  o r  excessive use of 

the  g a s  i n  the  s t a b i l i z a t i o n  j e t  system. 
, 

The commands t h a t  are generated f o r  t ransmiss ion  t o  the  s a t e l l i t e  

are  t e l e t y p e d  t o  the  remote c o n t r o l  s t a t i o n s  from the  c o n t r o l  a t  Goddard 

b y  a s tandard  simplex t e l e t y p e  l i nk .  One of t h e  c o n s t r a i n t s  t h a t  i s  placed 

upon the  design and ope ra t ion  of the remote c o n t r o l  s t a t i o n  i s  the limiteci 

d a t a  handl ing c a p a c i t y  of the  t e l e type  l i n k .  
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Although the  per iod  of c o n t a c t  w i t h  the  OAO i s  s h o r t ,  as  shown 

by the  t y p i c a l  c o n t a c t  times of Figure 2, t he  amount of d a t a  which can 

be te lemetered down from the  spacec ra f t  i s  l a r g e .  I n  the event  of 

malfunct ion of the  s p a c e c r a f t  equipment, the  remote c o n t r o l  s t a t i o n  

ope ra to r  must p l ace  the  s p a c e c r a f t  i n  a hold mode and t e l e t y p e  to  Goddard 

the  p e r t i n e n t  po r t ions  of spacec ra f t  s t a t u s  d a t a  f o r  a n a l y s i s .  F igure  3 

i s  a time a n a l y s i s  of a t y p i c a l  con tac t  based upon the  minimum c o n t a c t  t i m e  

of F igure  2. 

This a b s t r a c t  has  summarized the p r i n c i p a l  problems and f e a t u r e s  

of the  Gm und Operating Equipment, designed t o  so lve  the problem of c o n t r o l  

of a p rec i s ion  o r b i t i n g  experimental  v e h i c l e  such as the  Orbi t ing 

Astronomical Observatory. The approach used w i l l  be app l i cab le  t o  the  

c o n t r o l  of many sa te l l i t es  of the  type similar t o  the  Orbi t ing Astronomical 

Observatory and Orbi t ing  Geophysical Observatory. The paper w i l l  d e t a i l  

f u r t h e r  t he  s p e c i f i c  r e a l i z a t i o n  of t he  requirements r e s u l t i n g  from the  

s h o r t  t i m e  per iod  a v a i l a b l e  f o r  con tac t  t i m e ,  the  lm d a t a  ra te  of the  

t e l e t y p e  l i n k ,  and the  l a r g e  quan t i ty  of d a t a  which can  be spread out  

by the  s p a c e c r a f t  over t he  te lemetry l i n k .  

w i l l  be provided and d i scuss ion  of the  d e t a i l e d  ope ra t iona l  f low d i a g r m s  

w i l l  provide f u r t h e r  understanding of the  system. 

Block diagrams of the  s y s t e n  

AUTHORS: H. W. Cooper, Westinghouse 

E. J. Habib, NASA 

A. G. F e r r i s ,  NASA 

R. L. McConaughy, Grumman 



I : 

r . ? ? J  . .. 

-1 -=z 
7 
0 

L 

f I 
I 

R I  0 

A 

0 
c=i' 

4 * 



' .  . .*-: 

\ 1 

-E [- j 

E- z 



3 

z 
I .  

I 

,? , 

!Ai 
E 
0 
I- o 

cv, 
1 
c) 

W e w 
. .  . .  . .  . .  . .  

, .: . . ,  
. . . . .  


